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A hlgh eff1c1ency, hlgh resolutlon, hlghvdlsper51on,

1ow cost x—ray spectrometer is descrlbed Although the
1nstrument was developed prlmarlly for space 301ence ap— ‘

pllcatlons it has a broad range of appllcatlon for normal

r laboratory research problems. As an example of 1ts per—
formance, measurements of the CrKal é spectrum are presented

xihe observed uncorrected full—w1dths at half-maximum

rntens1ty are: Kdl=2}09evjand Kdésg;GjeV.,”Fine structure

' ﬂdetails, hitherto'unrepOrted;'were'also obserVed; i
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:C‘Modelsl which account for the productlon'of x-rays‘
d'observed from celestlal sources also predlct the ex1stence‘
iiof dlscrete spectral features in the form of em1531on‘llnes
f;and absorptlon and re~combination edges.. These features
 have already been observed in the solar x—ray spectrum w1th
;;instruments of low to modest resolutlonz.

An 1nstrument eas1ly adapted to the requlrements of
v?;x—ray astrophy51cs Wthh permlts greatly 1ncreased resolutlon
Tfand dlsper31on without much loss of efficiency is shown 1n
-i!Flg la.: A conventlonal Johann spectrometer3 is used w1th _
,jtseveral modlflcatlons. A pornt'source of x rays»w1th a
‘~;1arge:cone angle, ahout 10°, is used“to iiluminate thezcrystal.
. :Each ray T of the beam 1s deflned by a horlzontal dlvergence
o and a vertlcal dlvergence ¢ ’ In general the ray r(a,¢)
'strlkes the crystal at a Bragg angle Wthh is sllghtly dlf—

_'_ferent from‘that of the central ray r(O 0) | The dev1at10n

'from_the central Bragg angle is glven by .

* sin(8 +A) = sin(0 +8)cose 5
- where cos(8,+6) = cosé%cosa. | ' (2)

fh For the sufficiently smali.q and ¢, Adis given hy S

. . ¢2 ‘ ‘ .
.0 A F —5—cotly -~ ——tanby o (3)



53 On the focussrng Circle, the polychromatic reflection
pattern is concentrated 1nto a narrow line whlch 1s conju- :
? gate to the source p01nt. At the focus, the one—to—one
i-correspondence between a p01nt in. the image and a p01nt on
the crystal is destroyed by the astigmatic effects of the
cyllndrlcal lens.‘ It may, therefore, be p0351ble for severalgu
; wavelengths to contribute to the image at one p01nt. Also,'
hlgh resolution studles are made dlfficult by the low dis—.-“
persron at the focus. ThlS loss of spectral resolution can‘
S be av01ded only by liﬁitlng the vertical and horizontal
divergence of the beam to a small range of angles about the
i central ray (typlcally +l/4°
~ The ba51c 1mprovements 1nherent.1n‘our new'conceptvresult
Wfrom pla01ng the fllm or detector nearxthe crystal Figure lbb;
- shows_the 1mages recorded on x-ray film placed atvdifferent
Ahdistances alongﬁand perpendicular to the'lihe of‘the’reflected
i central ray; The instrument was set for CrKdl‘:A mica |
'-crystal (R~l3 5") Whlch reflected CrKa radiation in Sth order

~
S

was, used. As the distance from the crystal increases (1

—
—_—

through 7) , both the dispersion and resolution are decreased

_At the focus, Figl lb—S,'where measurements with this type
.are usually made, the distinction between al.andﬂaé is almost
totally lost. ‘ : ’ | |
R A high despersion photographic image ofkthe CrKal 2
doublet in 8% ta order (mica) is shown in'Fig; lc. In this

-case the 1nstrument was set w1th the central ray at an angle



;dslichtly larger than 0 'féf'ng' The fllm was replaced byv‘
a proportlonal counter Wlth a plnhole aperature in front
’of the acceptance w1ndow. Several scans were made in the

5 vertlcal dlrectlon. The data were reduced to an energy

‘ spectrum, Flg. 24 through the use of Eqn.‘3.’ Several scans
were also made keeplng the detector in a flxed p031tlon
close to the crystal and slowly rotatlng the crystal | Wlth
| the dlfflcultles 1nherent in the focussed 1mage removed
the resolutlon is llmlted only by the reflectlng propertles
of the crystal the source 1ntens1ty dlstrlbutlon and the‘
: s1ze of the detector aperature. Several spectral features,
hltherto unresolved even w1th the best technlques of two

4, 5 6

crystal spectroscopy 0 were observed ' A recent three-

crystal spectrometer study of the Kdl llne by Shah and |
DasGupta7 also shows s1mllar features. The results presented 4

"1n Table I sare of a prellmlnary nature and are meant to
i.convey the power of the technlque, More prec1se, hlgher.
f»reSolution,spectra.and their interpretatlon will be obtained
;xshortly and presented elsewhere. The method ofianalysis"is
such that precision bend?hg of the crystal is‘not required
"since any 1rregu1ar1t1es 1n the 1oc1 of equal A can be
determlned emplrlcally and thelr effects can be 1ncorporated
into a computerized analysis.

: . Optimum use of'the spectrometer will beApossible when

 the proportional counter is replaced by a multi-channel

urarraydof photo-sensitiVe electron multiplier tubes and a



ijfiuorescent screen. This device would then be the'analog
f;of the photographlc fllm. Rapld scannlng of the screen.
lwould determine the- coordlnates of each photon and a llne

-

f:proflle can be obtalned by 1ntegrat1ng the 1nten51ty along
Vzllnes of equal A on the screen. . . |

' The spectrometer descrlbed is 1deally sulted to the .
'<ﬁeéds of a spacecraft borne observatory. Concentrator
v-,‘telsecopes8 already in use glve hlghly space—resolved e
”flmages whlch are su1tab1e source p01nts for the spectrometer;
;fThe 1arge acceptance angle of the 1nstruments 1nsures |
igmax1mum eff1c1ency.” | |
The adv1ce and help of Prof K DasGupta was of major
?;1m§ortance in the course of thlS research. Mr, P Kramer S!
fias51sted us in settlng up the experlment and Mr. T.»Ou

- aided us in the recordlng and analysis of the data._.
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“dtirigure'Captions

N i

Flg l a) A dlagram of the geometry of the present

1nstrument, e S fein
"51 b) x-ray plctures of the CrKal o doublet in-dh’;;hgn
flfth order after Bragg reflectlon from a cylln—" |
drlcally bent mica crystal The dlstance between
;; the crystal center and the film p031tloned as 1n’ B
Flg 1 is: 1) 3. 75"5 2) 1.75%; 3) 5, 75" 4 6.75";
5) 7 75"- 6) 8. 75". 7) 9. 75u.l TR s

c) An x~ray plcture of the CrKocl ; doublet 1n.
elghth order w1th the fllm 4 75" from the mlca'
center. The 1nstrument was set w1th the central

%;'*ray at an angle sllghtly 1arger than e for Kaz.‘n“;n

Flg. 2 A spectrum of the CrKocl 2 region. - The speotral
features whlch we observed are 1nd1cated by arrows.

The X-ray tube was operated at 20KV and 20ma.
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